The receptive uterine endometrium specifically expresses certain glycosyltransferases, and the corresponding oligosaccharides play important roles in accepting the embryo. The sialyltransferase b-galactoside-a2,3-sialyltransferase III (ST3Gal3) is the key enzyme responsible for sialyl Lewis X (sLeX) oligosaccharide biosynthesis, but the expression and function of ST3Gal3 in the receptive endometrium is still elusive. Here, we found that human endometrial tissues at secretory phase expressed a 4-fold higher ST3Gal3 level relative to the tissues at proliferative phase. Meanwhile, downregulation of ST3Gal3 or sLeX epitope blockage significantly impaired the receptive ability of human endometrial RL95-2 cells to trophoblastic cells in vitro and inhibited implantation in pregnant mice. This study suggests that ST3Gal3 facilitates endometrial receptivity through increasing sLeX oligosaccharide, which gives a better understanding of the glycobiology of implantation.
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Embryo implantation is a multistep process by which the embryo attaches to the uterine endometrial epithelium, penetrates through the luminal epithelium and invades into the decidual/stromal cells, and forms the placenta [1] . Successful establishment of embryo implantation is essential for pregnancy, and it requires a synchronized 'conversation' between the maturational embryo and the receptive endometrium [2] . This 'conversation' is precisely regulated by many factors, including hormones/receptors, cytokines/receptors, growth factors/receptors, nuclear transcription factors and adhesion molecules during 'window of implantation' (WOI, days 20-24 of a regular menstrual cycle in human; day 4 of gestation in mouse) [3] . At this stage, uterine endometrium undergoes morphological and molecular alterations, and gradually transforms into the receptive status [4] . According to an investigation of World Health Organization, 10% of women are suffered from infertility, and accumulating research reveals that the etiological factors derived from the uterine endometrium (inadequate growth or receptivity) account for nearly two-thirds of embryo implantation failure [5] . Therefore, it is important to elucidate the underlying mechanism of endometrial receptivity establishment.
Glycosylation is one of the most important and common post-translational modifications, which is closely correlated with many physiological processes and diseases [6] . Glycosylation is a biochemical process where an oligosaccharide is covalently attached to a target macromolecule (proteins or lipids) under the action of a specific glycosyltransferase [7] . Sialyltransferases are a subset of glycosyltransferases that catalyze the transfer of sialic acid (N-acetylneuraminic acid, Neu5Ac) from donor substrate CMP-sialic acid to the terminal nonreducing positions of oligosaccharide chains, yielding a2,3-linked (ST3Gals), a2,6-linked (ST6Gals; ST6GalNAcs) or a2,8-linked (ST8Sias) sialic acid [8] . ST3Gals family contains six enzymes (ST3Gal1-6) among which b-galactosidea2,3-sialyltransferase III (ST3Gal3), b-galactoside-a2, 3-sialyltransferase IV (ST3Gal4) and b-galactoside-a2,3-sialyltransferase VI (ST3Gal6) are found to catalyze the transfer of sialic acids with an a2,3-linkage to terminal Gal residues located on Galb1,4GlcNAc structures, yielding the sialyl Lewis X (sLeX) oligosaccharide [9] . Studies reveal that ST3Gal3 plays an essential role in maintaining higher cognitive functions, regulating brain development and involving in inflammation process [10] [11] [12] . ST3Gal4 impacts the cardiac voltage-gated sodium channel activity, refractory period and ventricular conduction [13] . In addition, aberrant expression of these enzymes are associated with poor prognosis in human breast cancer, enhanced malignant phenotype of prostate, gastric and liver cancer cells [14] [15] [16] [17] . During implantation, uterine endometrium particularly expresses certain glycosyltransferases, and the corresponding oligosaccharide epitopes are essential for the recognition and interaction between the mother and the fetus [18] . However, the expression and the biological function of ST3Gal3, ST3Gal4 and ST3Gal6 in receptive endometrial cells are not well understood.
Oligosaccharides carried by the macromolecules on cell surface play crucial roles in mediating cell-cell, cell-extracellular matrix and cell-pathogen interactions [19] . During pregnancy, both the apical region of endometrial epithelial cells and embryonic trophoblasts are heavily glycosylated. Some terminal oligosaccharides, such as sLeX, 6-sulfo-sLeX and LeY at the maternal-fetal interface are found to modulate the adhesion behavior of endometrial and embryonic cells [20] . sLeX oligosaccharide (NeuAca2,3Galb1,4 [Fuca1,3]GlcNAcb1,3Galb1,R) is an a2,3-sialylated and a1,3-fucosylated structure, catalyzed by the specific a2,3-sialyltransferases (ST3Gal3, ST3Gal4 and ST3Gal6) and a1,3-fucosyltransferases (a1,3-FUTs). sLeX is the major ligand for selectins (L-, E-and P-selectin), and their binding participates in many physiological processes including lymphocyte homing, fertilization and embryo implantation [21] . sLeX epitopes are highly expressed in human uterine tissues at the receptive stage and enhanced sLeX are associated with a better pregnancy outcome [22, 23] . Meanwhile, evidence indicates that sLeX on the uterine epithelium, binding to L-selectin expressed on trophoblasts plays an essential role in the process of implantation [24] . We have previously found that overexpression of a1,3-fucosyltransferase VII (FUT7) increased the biosynthesis of sLeX oligosaccharide, thus establishing the receptivity of endometrium in vitro and in vivo [25] . However, during embryo implantation, whether sLeX oligosaccharide is regulated by ST3Gals in receptive endometrium remains undetermined.
In this study, we found that human uterine endometrial tissues at the secretory phase expressed higher mRNA and protein levels of ST3Gal3 in comparison to the tissues at proliferative phase. Moreover, in vitro studies showed that downregulated expression of ST3Gal3 by siRNA transfection not only inhibited the biosynthesis of a2,3-sialylation and sLeX oligosaccharide, but also suppressed proliferation and receptive potentials in highly receptive human endometrial RL95-2 cells. Finally, by utilizing a pregnant mouse model, we confirmed that ST3Gal3/sLeX of the endometrium contributes to the successful implantation in vivo.
Materials and methods

Human endometrial tissue collection
All experimental protocols about the human study were in accordance with the approved guidelines by the Institutional Review Boards of Dalian Medical University. Written informed consent was obtained from all subjects prior to sample collection. Endometrial biopsies were collected by curettage from women with regular menstrual cycles in The Second Affiliated Hospital of Dalian Medical University from April 2017 to December 2017. All women were not using intrauterine contraceptives and had not used hormones for at least 3 months prior to surgery. Biopsies were examined by an experienced gynecological pathologist to confirm that they showed no evidence of possible endometrial dysfunction. All biopsies were histologically dated according to the Noyes criteria [26] . A total of ten tissues (proliferative phase n = 5, secretory phase n = 5) were fixed in formaldehyde solution, embedded in paraffin wax and sectioned (5 lm) for immunohistochemical staining. 
Cell culture
Real-time quantitative PCR
Cells were treated with RNAiso Plus reagent (Takara, Kyoto, Japan) for RNA extraction, and the PrimeScript RT reagent Kit with a gDNA Eraser kit (Takara) was used to synthesize cDNA. SYBR Premix Ex Taq (Takara) was used for qPCR. The primers were listed in Table 1 . The reactions were performed using the Applied Biosystems 7500 Fast Real-time PCR System (Thermo Fisher Scientific). Quantified data were normalized to those of GAPDH, and the relative quantity was calculated using the 2 ÀDDCT method. 
Western and Lectin blots
Equal proteins were loaded onto 10% SDS/PAGE gels, and then were transferred onto a nitrocellulose membrane (MilliporeSigma, Burlington, MA, USA). After blocking with 5% defatted milk for 2 h, the membranes were incubated at 4°C overnight with the primary antibody:
ST3Gal3, ST3Gal4, ST3Gal6, proliferating cell nuclear antigen (PCNA), Cyclin D1, Cyclin E1, cyclin-dependent kinase inhibitor 1 (P21 Cip1 ) and GAPDH (Proteintech); sLeX (MilliporeSigma), and the Lectin: biotinylated Maackia Amurensis Lectin II (MAL-II) (Vector Laboratories, Burlingame, CA, USA). Next, the membranes were incubated with horseradish peroxidase (HRP)-labeled goat anti-rabbit IgG or HRP-labeled streptavidin for 1 h. An enhanced chemiluminescence (ECL) detection system (BioRad, Hercules, CA, USA) was used to visualize immunoreactive bands.
Immunohistochemistry
Tissue slides were deparaffinized and rehydrated. Endogenous peroxidase activity was blocked with 0.3% hydrogen peroxide for 15 min. Slides were blocked with 10% normal goat serum for 20 min, and incubated with ST3Gal3, ST3Gal4 and ST3Gal6 antibody at 4°C for 12 h. The slides were incubated with biotinylated secondary antibody at 37°C for 15 min and reacted with a streptavidin-peroxidase conjugate at 37°C for 10 min, followed by using 3, 3 0 -diaminobenzidine as a chromogenic substrate. Meyer's hematoxylin was used as a counterstained dye. A negative control was obtained by replacing the primary antibody with PBS. Images were captured with the microscope (Olympus, Shinjuku, Tokyo, Japan).
Immunofluorescent and Lectin fluorescent staining
Coverslips (RL95-2 cells) or frozen slices (mice uterine tissues) were fixed in 4% paraformaldehyde or cold acetone for 30 min, followed by blocking with 1% goat serum (Beyotime, Shanghai, China) for 2 h. Next, the coverslips or slices were incubated with anti-sLeX or biotinylated MAL-II at 4°C overnight followed by incubation with the FITC-conjugated second antibody or TRITC-conjugated streptavidin for 1 h. After incubation with DAPI (blue) for 5 min, anti-fade solution was added to the coverslips or slices, followed by photography under the fluorescence microscope (Olympus). Table 1 . Primer sequences.
Gene Primers
Cell viability assay ) was plated in three blank wells. Adhesion rate was calculated as the percentage of attached JAR cells (e/b) after detection by a multimode plate reader. e: average fluorescence intensity value in each experiment group; b: average fluorescence intensity value in the blank wells. The images were captured with a fluorescence microscope (Olympus), and the representative images were shown.
Scanning electron microscope detection
RL95-2 cells on coverslips were fixed in 4% paraformaldehyde and postfixed in 2% osmium tetroxide. After washing, cells were dehydrated by a series of incubations in ethanol. Dehydration was continued by incubation in 95% ethanol, absolute ethanol and acetone. Cellular surfaces were coated with gold and detected with a scanning electron microscope (S-3700 N, Hitachi, Chiyoda, Tokyo, Japan).
Animal experiments
All animal experiments performed in this study were approved by the Animal Ethics Committee of Dalian Medical University. The detail protocols and experimental processes conformed to the Experimental Animal Management Regulations of Dalian Medical University (Permit Number: #3555). Mice of the Kunming species (6-8 weeks) were from the Laboratory Animal Center of Dalian Medical University, China. Mice were maintained under controlled environmental conditions (temperature 22-25°C; humidity: 60%; lightcontrolled 12-h light/12-h darkness). After mating, if the female mice were confirmed for the presence of a vaginal plug in the next morning, it was defined as pregnant day 1 (PD1). On PD3 (8 : 30 AM), the mice were anesthetized with pentobarbital sodium (50 mgÁkg À1 ); ST3Gal3 siRNA suspension contained 200 pmol siRNA, 10 lL Lipofectamine 2000 and 10 lL physiological saline was injected into the right uterus horn, and an equal volume of scramble siRNA suspension was injected into the left uterus horn as a control (n = 6). In addition, 2 lg anti-sLeX in 20 lL physiological saline was injected into the right uterus horn, and 2 lg IgM in 20 lL physiological saline was injected into the left uterus horn as a control (n = 6). On PD8, the pregnant mice were sacrificed, and the number of implanted embryos was counted and analyzed.
Statistical analysis
GRAPHPAD PRISMÒ (GraphPad Software, LaJolla, CA, USA) was used for statistical analysis. All experiments were performed at least three independent times, and the data were shown as means AE SEM. For the analysis of difference between groups, independent-samples t-test or one-way ANOVA was performed, and the statistical significance was indicated as the follows, *P < 0.05, **P < 0.01 and ***P < 0.001.
Results
Expression of ST3Gals in human uterine tissues and human endometrial cells
Human endometrium at proliferative phase and secretory phase represent the nonreceptive status and the highly receptive status respectively. Therefore, we first collected the tissues at proliferative and secretory phase to compare the gene and protein expression levels of ST3Gal3, ST3Gal4 and ST3Gal6 by qPCR, western blot and immunohistochemical staining. Results showed that ST3Gal3 and ST3Gal6 expression were higher (4.07-and 1.89-fold increased in mRNA content, respectively, P < 0.05; 4.5-and 1.99-fold increased in protein content, respectively, P < 0.05) in endometrial tissues at secretory phase than the tissues at proliferative phase, but there is no difference of ST3Gal4 expression was found between the samples (Fig. 1B,C) . Obviously, as shown in Fig. 1D , immunohistochemical staining showed that luminal epithelial cells of secretory phase expressed abundant levels of ST3Gal3 (Fig. 1D ). These data suggest that ST3Gal3 may play a primary role in synthesizing the sLeX oligosaccharide in human endometrium during the 'WOI'. GAPDH was used as an internal control. Bar represents 100 lm. *P < 0.05. The data were presented as the means AE SEM of three independent experiments.
Next, we detected the ST3Gal3, ST3Gal4 and ST3Gal6 expression in a pair of endometrial cell lines: HEC-1A and RL95-2 (represent the low-and highreceptivity to trophoblastic JAR cells receptively), which were generally used as the model to detect the endometrial functions [27] . Consistently, the data showed that ST3Gal3 expression was higher (3.04-fold increased in mRNA level and 2.52-fold increased in protein level, P < 0.05) in RL95-2 cells than HEC-1A cells (Fig. 1D,E) . Meanwhile, we found RL95-2 cells displayed greater a2,3-sialylation level and sLeX epitopes than HEC-1A cells (Fig. S1A,B) . These results indicate that ST3Gal3 plays a major role in synthesizing the sLeX in RL95-2 cells, and ST3Gal3/sLeX levels are positively correlated with the receptive characteristics of endometrial cells.
Downregulating the expression of ST3Gal3 by siRNA transfection reduced sLeX oligosaccharide in RL95-2 cells
To investigate the influence of ST3Gal3 on sLeX oligosaccharide biosynthesis in endometrial cells, RL95-2 cells were transiently transfected with scramble siRNA, ST3Gal3 siRNA-1 and ST3Gal3 siRNA-2 for 48 h. qPCR results showed that both ST3Gal3 siRNA-1 and siRNA-2 significantly downregulated the mRNA levels of ST3Gal3 compared with the scramble siRNA transfected cells (P < 0.05) (Fig. 2A) . The protein levels of ST3Gal3 in transfected RL95-2 cells were verified by western blot (Fig. 2B) . Consistently, blots of MAL-II and sLeX or the immunofluorescent staining of cells showed that ST3Gal3 siRNA transfection (siRNA-1) inhibited the a2,3-sialylation and sLeX oligosaccharide biosynthesis (Fig. 2C,D) .
ST3Gal3 knockdown inhibited the proliferation of RL95-2 cells
Adequate growth of uterine endometrial cells is the prerequisite for establishing the receptivity. Therefore, we detected the effect of ST3Gal3 knockdown on regulating the proliferation of endometrial cells. RL95-2 cells were transiently transfected with scramble siRNA or ST3Gal3 siRNA. CCK-8 assay and EdU incorporation assay showed that ST3Gal3 knockdown inhibited the proliferation of RL95-2 cells (Fig. 3A,  B) . Meanwhile, qPCR and western blot were performed to detect the mRNA and protein expression levels of cell viability markers. Results showed that ST3Gal3 knockdown decreased the expression of PCNA, Cyclin D1 and Cyclin E1, whereas increased the expression of P21 Cip1 (Fig. 3C,D) .
ST3Gal3/sLeX determined the receptive potential of RL95-2 cells
Next, we evaluated the roles of ST3Gal3/sLeX in mediating the endometrial receptivity. In addition to ST3Gal3 siRNA transfection, neuraminidase (Neu) was also utilized to biochemically remove the a2,3-linked sialic acid, leading to decreased sLeX epitopes in RL95-2 cells (Fig. S1C) . The morphological alteration in ST3Gal3 knockdown and Neu-treated RL95-2 cells was assessed by scanning electron microscopy (SEM). As shown in Fig. 3G ,H, ST3Gal3 knockdown or Neu-treated RL95-2 cell surface displayed significantly reduced microvilli, which is the characteristics of the receptive endometrium. Meanwhile, an in vitro implantation model was conducted. RL95-2 cell monolayers were treated with scramble+IgM, si-ST3Gal3+IgM, scramble+anti-sLeX and si-ST3Gal3+anti-sLeX before the trophoblastic JAR cells were plated for adhesion. Results showed that si-ST3Gal3+IgM significantly inhibited the adhesion rate of JAR cells to RL95-2 cells compared with the scramble+IgM groups (P < 0.001). ST3Gal3 knockdown and sLeX antibody blockage further suppressed the adhesive ability of RL95-2 cells when compared with the si-ST3Gal3+IgM groups (P < 0.001) (Fig. 3E) . Furthermore, RL95-2 cell monolayers were treated with DMSO (vehicle control), Neu, DMSO+IgM and Neu+anti-sLeX before the JAR cells were plated. Statistical analysis revealed that Neu treatment reduced the adhesion rate of JAR cells to RL95-2 cells compared with the DMSO groups (P < 0.001). Neu treatment and sLeX antibody blockade further restrained the adhesive ability of RL95-2 cells in comparison to the Neu+IgM groups (P < 0.001) (Fig. 3F) . These results indicate that ST3Gal3/sLeX is required for the formation of receptive potentials in RL95-2 cells.
ST3Gal3/sLeX of mouse endometrium contributed to successful implantation
To examine the expression of ST3Gal3/sLeX in the mouse endometrium, we collected mouse uterine tissues at nonpregnant (NP) and pregnant days 1-5 (PD1, PD2, PD3, PD4 and PD5) stages. qPCR and western blot results showed that the mRNA and protein expression levels of ST3Gal3 were gradually increased from PD1 to PD4, and slightly decreased at PD5 (Fig. 4A,B) . Meanwhile, blots of MAL-II and sLeX epitopes or the fluorescence microscopy detection showed that endometrium at PD4 exhibited higher levels of a2,3-sialylation and sLeX than other time points (Fig. 4C,D) . Subsequently, ST3Gal3 siRNA and sLeX antibody were injected into the uterine lumen of the pregnant mouse at PD3 to evaluate their influences on implantation. The knockdown efficiency of ST3Gal3 in endometrium at PD4 was confirmed by qPCR and western blot (Fig. S1D,E) . As shown in Fig 4E,F, ST3Gal3 siRNA or sLeX antibody injection significantly impaired the number of implanted embryos as compared to the corresponding control groups (P < 0.05). These results demonstrated that ST3Gal3/sLeX of mouse endometrium contributed to the successful implantation.
Discussion
The uterine endometrium is cyclically controlled by steroid hormones, cytokines and chemokines throughout the reproductive life of women [28] . The menstrual shedding is followed by endometrial proliferation. During the proliferative phase, endometrial cells actively grow and sustain a highly proliferative status until the early-secretory phase. Subsequently, the endometrium epithelium ceases the proliferation but acquires a highly receptivity to accept the embryo during the mid-secretory phase ('WOI', Days 20-24) [29] . After implantation, endometrial cells begin to differentiate into decidual cells, which enable the trophoblast invasion and placenta formation [30] . Inadequate growth and receptivity of endometrium as well as the unusual uterine decidualization are considered as the major factors for implantation failure, leading to infertility, spontaneous miscarriage and preeclampsia [31, 32] . Therefore, it is of the utmost importance to investigate the underlying molecular mechanism of the competent endometrium during implantation. Accumulating evidence suggests that certain glycosyltransferases and their relevant carbohydrate chains are required for maintaining the normal functions of the endometrium. For example, the expression of a1,3-fucosyltransferase IV (FUT4) was significantly upregulated in human uterine endometrial tissues during secretory phases versus other phases of the menstrual cycle [33] . Our previous study demonstrated that a1,3-fucosylation of CD44 regulated by FUT4 influenced the proliferation and receptivity of uterine epithelial cells in vitro and in vivo [34] . Additionally, epidermal growth factor domain-specific O-linked GlcNAc transferase (EOGT) was found to be upregulated in the decidualizing human stromal cells, and downregulated-EOGT perturbed a network of decidual genes [35] . In this study, ST3Gal3 and ST3Gal6 expression were found to be upregulated by 4.07-fold and 1.89-fold in endometrial tissues at secretory phase relative to the tissues at proliferative phase (Fig. 1B-D) . ST3Gal3 level was also found to reach the highest in mouse endometrium at PD4 (Fig. 4A,B) . Meanwhile, we found that knockdown the ST3Gal3 expression by siRNA transfection effectively impaired the proliferative and receptive potentials of RL95-2 cells (Fig. 3) and significantly inhibited the implantation in vivo (Fig. 4E,F) . These findings provide evidence that ST3Gal3 may play a primary role in mediating the capability of uterine endometrium, which might be considered as a potential biomarker for evaluating the endometrial receptivity and a therapeutic target for infertility.
Specific oligosaccharide epitopes, including sLeX, 6-sulfo-sLeX, LeX, LeY and Sd a at the maternal-fetal interface are found to be essential for the implantation. LeY (a difucosylated oligosaccharide) is mainly located on the surface of the uterine luminal epithelium and the blastocyst in mice, which has been shown to be involved in blastocyst attachment [36] . Our research group found that RL95-2 cells exhibited higher LeY level compared with HEC-1A cells, and LeY blockage significantly disturbed the receptive functions of RL95-2 cells to JAR cells [37] . Likewise, we showed that RL95-2 cells and mouse endometrial epithelium at PD4 displayed a greater sLeX level than HEC-1A cells and NP mouse uterine tissues respectively (Figs S1A,B and 4C,D). sLeX epitopes blockage effectively inhibited the endometrial receptivity in vitro and implantation in vivo ( Figs 3G and 4E ). Terminal a2,3-sialic acid and a1,3-fucose of sLeX structure are catalyzed by several ST3Gals and a1,3-FUTs in distinct organs. Aberrant expression phenotypes of these glycosyltransferases and sLeX are associated with tumor progression in the breast, bone, colon, lung, liver, prostate and renal cancer [38, 39] . However, few experiments reported the expression and function of key enzymes for sLeX biosynthesis in uterine endometrium. We have previously found that FUT7/sLeX contributes to the boosted receptive potentials of RL95-2 cells and the successful implantation in mouse [25] . In the current study, our data displayed that RL95-2 cells expressed higher level of ST3Gal3 than HEC-1A cells, but not ST3Gal4 and ST3Gal6 (Fig. 1E,  F) . ST3Gal3 siRNA transfection significantly decreased the sLeX epitopes in RL95-2 cells (Fig. 2C,D) . ST3Gal3 siRNA plus sLeX antibodies further inhibited the adhesive ability of RL95-2 cells to JAR cells, compared with the groups with sLeX blockage alone (Fig. 3E) . Consistently, ST3Gal3/sLeX influenced the adhesion of human breast cancer MDA-MB-231 cells to human umbilical vein endothelial cells, which highly express Eselectin [40] . ST3Gal3/sLeX modulated the attachment of human pancreatic adenocarcinoma Capan-1 and MDAPanc-28 cells to primary cultured hepatic sinusoidal endothelium cells [41] . Meanwhile, several studies on the literature asserted that both ST3Gals and a1,3-FUTs were increased in gastrointestinal, hepatocellular and lung carcinoma cells [42] [43] [44] . Combined with our previous findings, we considered that ST3Gal3 and FUT7 in uterine endometrial cells may both be related to sLeX biosynthesis and thereby influence the formation of endometrial receptivity.
Terminal sialic acids of carbohydrate chains carried by proteins or lipids influence cell adhesion, spreading and migration [45] . It is well established that abnormal sialylation is a hallmark of cancer, and sialylationrelated enzymes are considered as potential drug targets for oncotherapy [46, 47] . To date, limited study in the literature investigated the biological functions of sialylation in the distinct reproductive system. Jones et al. [48] found terminal sialylation of histiotrophe were suppressed in decidua during early pregnancy, suggesting that this alteration may facilitate absorption of histiotrophe by the trophoblast and enhance the availability of substrates for degradation. Hromatka et al. [49] reported that a2,8-sialylation (polySia) was found to abundantly exhibit in human placental trophoblasts at the first trimester. Removal of polySia restrained cytotrophoblasts migration and invasion in vitro. Similarly, few evidence demonstrated the pathological roles of sialylation in reproductive diseases. Nio-Kobayashi et al. [50] explored that cigarette smoking altered a2,3-and a2,6-sialylation in the fallopian tube epithelium, and was potentially a source of decreased tubal transport and with implications for the pathogenesis of ectopic pregnancy. In this study, we found that a2,3-sialylation was increased in RL95-2 cells and mouse uterine endothelium at PD4, which both represent a highly receptive status. Meanwhile, removal of a2, 3-linked sialic acid by Neu obviously suppressed the microvilli formation on RL95-2 cell surface and inhibited the receptive ability to JAR cells (Fig. 3F,H) . These data suggest that ST3Gal3 mediated a2,3-sialylation or sLeX is required for the formation of endometrial receptivity. Finally, due to the significant roles of sialylation in numerous physiological and pathological processes, we believe that the concrete roles of other subtypes of sialylation regulated by the relevant sialyltransferases in diverse reproductive systems remain to be determined.
In summary, our data demonstrated that ST3Gal3 expression is increased in human and mouse uterine endometrial tissues at the receptive stage. Furthermore, downregulating ST3Gal3 expression by siRNA transfection inhibited the proliferation and receptive potentials in RL95-2 cells. In vivo study showed that injecting ST3Gal3 siRNA and sLeX antibody into the uterine cavity significantly impaired embryo implantation. Our study provides a better understanding of the glyco-molecular mechanisms in mediating the formation of endometrial receptivity. It will be of great interest to further investigate the roles of other types of sialylation and their key sialyltransferases in the uterine endometrium during implantation.
